Objective. We aimed to characterize anthropometric measures of Peruvian infants 0 to 12 months of age in relation to the international growth references and biological, environmental, and socioeconomic factors.
Background
Global efforts to improve early childhood growth are motivated by its repercussions on survival, cognition, and productivity into adulthood. The potentiating effect of growth-faltering on illness and mortality is increasingly acknowledged, with 21% of deaths and disability-adjusted life years (DALYs) in children under 5 years of age attributable to stunting, severe wasting, and intrauterine growth restriction [1] . Undernutrition in early childhood has been linked to compromised adult health and growth [2] , delayed school entry and reduced performance on cognitive tests [3] , impaired physical work capacity [4] , and reduced earnings potential [5, 6] .
Relative to the regions of Africa and Asia, Latin America has the lowest prevalence of underweight: less than 10% and declining [7, 8] . In 2000, a national survey in Peru reported that 7.1% of children under five were underweight, 1% were wasted, and 25.4% were stunted [9] , yet disparities between urban and rural areas are marked. Earlier studies investigating growth determinants in Peruvian children demonstrated the importance of infant-feeding practices [10] , consumption of animal-source foods [11] , and diarrheal morbidity, in particular [12] . These studies were conducted in areas characterized by higher prevalence rates of malnutrition; less is known about the determinants of growth among infants from low-income households in urban areas where levels of malnutrition are greatly reduced. It is also true that few studies have examined maternal factors in relation to offspring growth or have Lora L. Iannotti investigated broader socioeconomic determinants, such as assets and wealth, which have been shown to be advantageous in other regions of the world [13, 14] .
There is also a limited number of studies examining body composition during infancy relative to other populations and determining factors. Adiposity and leantissue mass of preschool-age children were proposed to explain the previously documented prevalence of low weight-for-height in Peruvian children relative to a North American population [15, 16] . Another study described differences in body proportions between highland and lowland Peruvian children 7 to 19 years of age [17] . The present study aimed to describe the growth and body composition of low-income Peruvian infants from birth to 12 months relative to the international reference and to other populations, and to more comprehensively evaluate the multidimensional factors determining their anthropometric outcomes.
Methods

Data collection
A subsample of infants followed through 1 year of age from a randomized, controlled trial of prenatal zinc supplementation was employed in this analysis [18] [19] [20] . The trial, conducted from 1995 through 1997 in Villa El Salvador of Lima, Peru, enrolled 1,295 women who entered prenatal care between 10 and 24 weeks of gestation and randomly assigned them to receive either zinc plus iron and folic acid or iron plus folic acid alone. Briefly, women were considered eligible if they were carrying a low-risk pregnancy (uncomplicated and eligible for vaginal delivery) with a singleton fetus and had resided in coastal Peru for 6 months or longer before becoming pregnant. Written consent to participate was obtained at enrollment and again during the early neonatal period for those participating in the follow-up study.
When the follow-up study was initiated, 642 infants were available who met the criteria of singleton birth, healthy, and residence in the study community. We selected a subsample of 232 from the enrolled population of 579 based on the availability of data at each month of follow-up. This subsample was similar to the enrolled group in terms of numbers assigned to each treatment group and across all socioeconomic characteristics except maternal education, for which there were differences between the groups in the top two levels of education completed, secondary and higher than secondary. In the regression analyses, maternal education level was not a determinant of growth outcomes.
Socioeconomic and demographic information was obtained from the mothers at enrollment, as well as clinical histories. Standard procedures were followed for obtaining anthropometric measurements from mothers at enrollment and from babies throughout infancy [21, 22] . Standing maternal height was measured with a stadiometer, and weight was recorded on a SECA scale to the nearest 100 g. Newborns were weighed at birth by hospital personnel and measured by study personnel on day 1 for crown-heel length, circumferences, and skinfold thicknesses. Thereafter, anthropometric measures of infant body size (weight, length, head circumference, calf circumference, chest circumference, and mid-upper-arm circumference [MUAC]) and body composition (triceps, calf, and subscapular skinfold measures) were taken monthly until the age of 12 months by trained personnel. The SECA scale was also used to weigh the infants to the nearest 10 g, and recumbent length was measured to the nearest 0.1 cm with the use of a wooden measuring board. Lange precision calipers were used to measure skinfold thicknesses.
Methods for morbidity surveillance through weekly home visits were adapted from Penny and Lanata [23] [24] [25] and carried out when the infants were 6 to 12 months of age. The fieldworkers questioned the caregivers in detail about the child's health and examined the child if the caregiver reported any new sign of illness or worsening of existing illness or if no examination had taken place for a period of 1 month. During an examination, the respiratory rate and rectal temperature were recorded and an assessment for signs of dehydration was completed. Measures of respiratory rate were repeated if the number of counts per minute exceeded age-defined upper limits. Dietary information about infant consumption of breastmilk and complementary foods was similarly collected during the weekly morbidity surveillance by fieldworkers.
Approval for the study was granted by the Ethical Committee at the Instituto de Investigación Nutricional (IIN) and the Committee for Human Research at The Johns Hopkins Bloomberg School of Public Health.
Definitions
The ponderal index (PI) was calculated as weight (kg)/length (m) 3 [26, 27] . Low birthweight (LBW) was defined as less than 2,500 g. Small for gestational age (SGA) was defined as a birthweight less than the 10th percentile for gestational age [28] . Body-composition indices were calculated by the following equations: arm area (AA) = π/4*(MUAC/π) 2 , arm muscle area (AMA) = (MUAC -πTSF) 2 /4π, and arm fat area (AFA) = AA − AMA [29] . For analyses, we also summed the skinfold measures. Monthly growth velocity values were obtained by subtracting growth measures from the values for the previous month. Underweight, stunting, and wasting were defined as z-scores below −2 SD for weight-for-age, length-for-age, and weight-for-length, respectively. * For the morbidity parameters, diarrhea was defined as three or more liquid or loose stools in the previous 24 hours. We then applied the diarrhea indicator to calculate a time-varying measure of child period prevalence of diarrhea (also referred to as longitudinal prevalence [30] ) or the number of days with diarrhea divided by the number of days of observation per child. Reported fever or rectal temperature greater than 38°C qualified as fever. An ill day was defined as any day in which an infant was reported to have had cough, fever, or diarrhea. Similar to the per child prevalence of diarrhea, a time-varying child period prevalence of days ill was calculated as the number of days ill divided by the number of days of observation per child.
Additional feeding parameters were created from the dietary information collected. A child was categorized as receiving complementary foods if the mother reported consumption of solid foods (cereal, meat or fish, mixed or blended foods, stews, bread or other cereal products, and purées) plus breastmilk. When a mother reported that her infant consumed meat, fish, egg, or other milk besides breastmilk, the child was defined as having animal-source foods in his or her diet. Overall and child-specific prevalence rates for each dietary category were calculated as well as a lagged variable for each category, indicating the number of observation days on which the food was consumed divided by the number of observation days for individual children from the previous month only.
Reported employment for mothers and spouses or partners was classified as either unemployed to very low income (unemployed, temporarily employed, student, or housewife or househusband), or low to medium income (housekeeping, traveling sales, factory work, construction or manual labor, small business, service sector, military, or professional). At enrollment, each mother reported the department where she was raised. To obtain a proxy estimation of department elevations, the altitudes of the capital cities [31] were obtained from all departments and defined as "high" if they exceeded 2,500 m.
Data analysis
Growth patterns throughout infancy were observed through the use of lowess curves using linear leastsquares regression with 0.8 bandwidth. A principalcomponents analysis was undertaken [32] to create two composite indices for household socioeconomic status/environmental status: economic viability/asset ownership and hygiene/sanitation [33] . The variables included to represent asset ownership were housing material, presence of electricity in the home, and cooking facilities; for the sanitation and hygiene dimension, the variables were toilet type, source of water, and number of persons living in the home. Bivariate analyses compared growth differences on a range of factors by applying t-tests, analysis of variance (ANOVA), and Pearson chi-squared tests of independence. Panel regression models with random effects by generalized least squares were applied to examine influences on infant growth and body-composition measures throughout infancy [33, 34] . A quadratic term for age was incorporated into modeling to quantify the decelerating rate of growth in the first year of life. The effects of prenatal zinc supplementation on growth have been reported elsewhere [35] ; to adjust for these effects, a treatment group variable was included in all models. Interaction terms were created for different combinations of variables to test for multiplicative effects by the joint presence of factors. In general, statistical significance was defined as p < .05, and all data analyses were performed with the Stata software package. **
Results
Characteristics of the sample
Nearly all (96.5%) of the infants were born at term, and six newborns were classified as having low birthweight (table 1). A large proportion (48%) of the mothers reported education beyond primary school, and approximately one-fifth had received some sort of postsecondary education. Most of the mothers (69%) did not work outside the home; approximately 10% operated small businesses. The occupations of the spouses or partners were predominantly in the lowto-medium-income category: traveling sales (22%); factory, construction, or manual labor (32%); small businesses (14%); or the service sector (10%). Eleven of the 24 departments had high-altitude (> 2,500 m) regions; 34.2% of mothers originated from one of these departments. More than two-thirds (68%) of the mothers who were from a high-altitude department came from an urban area.
Growth patterns of infants
All growth trajectories had steeper ascending slopes in the first half of infancy, followed by decelerating rates or plateauing of growth in the second half. The mean z-scores were 0.17 ± 0.90 SD for weight-for-age, 0.07 ± 1.02 SD for length-for-age, and 0.18 ± 1.00 SD for weight-for-length. for all three anthropometric indicators were close to zero ( fig. 1) . Only in month 6 did the infants have a negative z-score, which was −0.02 ± 1.02 SD for length-for-age. The percentages of infants classified as undernourished at 6 and 12 months, respectively, were 1.7% (4/232) and 2.2% (5/232) stunted, 2.6% (6/232) and 3.5% (8/232) underweight, and 1.3% (3/232) and 1.3% (3/232) wasted.
Skinfold measurements increased rapidly in the first few months of life, followed by a slight but consistent decline beginning in month 4 for subscapular skinfolds, and eventually in month 7 for both triceps and calf skinfolds. The observed decline in adipose tissue during the latter part of infancy was more readily apparent in the sum of skinfolds indicator ( fig. 2A) . Following a similar pattern, arm fat area peaked around month 6, followed by declines, while arm muscle area rose more steadily until month 7 or 8, in recognition of sex differences, as noted above ( fig. 2B) .
Differences between boys and girls in anthropometric measures became significant only after the neonatal period, except for head circumference, which was 34.5 ± 1.4 cm in boys and 34.1 ± 1.3 cm in girls at birth (p < .05). Skinfold measures did not differ consistently according to sex throughout infancy. Girls were born with greater arm fat area than boys on average, but boys surpassed girls in arm fat area during months 3 through 9 and month 12 (p < .05). Arm muscle area was also significantly greater in boys than in girls after month 1 and continuing through 12 months of age. The correlation coefficients between infant anthropometric measures at 12 months and birth measures were greater for head circumference (R = 0.47), length (R = 0.39), and weight (R = 0.38) than for chest circumference (R = 0.32), calf circumference (R = 0.31), MUAC (R = 0.26), and skinfold measures (R < 0.27).
Factors influencing growth
Multiple factors were investigated in longitudinal models to determine their influence on variation in the growth outcomes of the infants (table 2). In all models, infant age and corresponding birth anthropometric measures significantly affected growth outcomes (p < .01). A negative coefficient for the age quadratic term for all anthropometric outcomes had a decelerating rate of growth with increasing age. Sex was a significant covariate in determining all measures, except calf circumference.
Between 6 and 12 months of age, infants were reported to have been breastfed on 92% of the days of observation, received complementary foods on 78% of days, and received animal-source foods on 66% of days. None of the infant-feeding parameters were significant in longitudinal modeling except the presence of breastmilk in the diet at the time of the anthropometric measure, which was positively associated with weight, MUAC, and sum of skinfold measures. The infants were ill for a median of 36.4% days of observation but had diarrhea on 5.3% of days. Child period prevalence of diarrhea showed a trend toward reducing all growth outcomes, but the relationship was statistically significant for chest circumference alone, where a positive effect on growth was observed.
Several maternal characteristics influenced growth in these infants. Primiparity had a positive effect on change in length and head circumference after adjustment for other variables. For weight, length, head circumference, and sum of skinfolds, a positive influence was found with the corresponding value in the mother at 10 to 24 weeks of gestation. After adjustment for covariates, a maternal history of living in a region of high altitude was associated with increased linear growth (p = .01) and larger chest circumference (p = .008) longitudinally throughout infancy. However, neither maternal education, asset ownership, nor the sanitation and hygiene indices retained significance in longitudinal modeling after adjustment for covariates. Finally, no evidence for effect modification was found across the covariates. 
Discussion
In this longitudinal analysis, we studied patterns of anthropometric change in Peruvian infants from birth to 12 months in relation to a range of environmental and biological factors. Proximal biological factors, including infant age and sex, corresponding birth measurements, and breastfeeding, affected longitudinal growth outcomes in the infants. In contrast with a previous analysis [35] , the longitudinal prevalence of diarrhea had little effect on growth outcomes; the difference in results may be due to differing maternal education levels in the two samples. Other morbidities, such as fever and mild respiratory illness, also did not affect growth. Maternal anthropometric measurements were positively associated with the corresponding markers of weight, length, and sum of skinfolds in the infant, a result consistent with other recent findings relating maternal body size and composition with that of neonates [36, 37] and infants [38] . Interestingly, we also found that infants of mothers with high-altitude ancestry had greater length and chest circumference, especially toward the end of infancy. Traditional variables known to affect nutritional status in resourcepoor settings-maternal education, economic factors, hygiene and sanitation conditions, and the presence of animal-source foods in the child's diet-were not found to significantly influence growth in these infants. The urban setting may have afforded certain advantages, such as access to education, foodstuffs, and health care, which may have reduced or removed these effects. The prevalence of undernutrition in these infants was notably lower than the rates observed among children in other developing countries [1] . Stunting prevalence, in particular, was lower than expected in these infants (< 4%) on the basis of prevalence rates previously reported in Peru [15, 16] . Although different growth standards were used, the Demographic and Health Survey 2000 in Peru reported that 26.7% of children under 1 year of age were stunted [39] . The infants in our study may have had a growth advantage afforded to them by the iron and folic acid taken by the mothers in both prenatal supplementation groups [40] or potentially from the additional health care provided in association with the trial. Both factors represent limitations in generalizing the findings to the wider population of Peruvian infants, although iron and folic acid supplements are the standard protocol for prenatal care in Peru. It should be noted that the prevalence of stunting in these infants increased toward the end of infancy and may have reached levels comparable to those in other studies in the second and third years of life. In this analysis, the effects on infants of prenatal supplementation of mothers with zinc were controlled for in longitudinal modeling. However, findings from the analysis of the treatment effect showed that infants whose mothers were prenatally supplemented MUAC, mid-upper-arm circumference; ND, measurement was not taken on the mother; -, not significant in the mother a. All models were adjusted for zinc treatment.
b. The birth measurement that corresponds to the outcome measurement (e.g., birthweight for weight; birth calf circumference for calf circumference). c. The maternal measurement at enrollment that corresponds to the outcome measurement.
with zinc had greater weight, calf circumference, chest circumference, and calf muscle area [35] , which could have influenced the overall growth trajectories presented here. Few studies in Peru have investigated longitudinal changes in several different measures of body composition, as was done in our study. In one study, skinfold thicknesses of Peruvian infants aged 6 to 60 months were found to be lower, arm muscle areas similar, and total body water relative to weight higher than National Center for Health Statistics (NCHS) reference values [15, 16] . The investigators suggested that greater lean tissue was responsible for the higher weight-for-height values in the children. Although our study found slightly higher markers of adiposity (triceps, subscapular skinfold thickness, arm fat area) at 6 months, the differences diminished by 12 months, reinforcing an interpretation that adequate weight and weight-for-length measurements may in part reflect muscle tissue accretion. Other studies have suggested that larger abdominal circumferences in populations of Latin America could account for the low prevalence of weight-for-height deficits [41] , but we did not investigate this measure.
Larger chest circumference and greater linear growth were found in the infants of mothers originating from high-elevation regions. There are limitations to our interpretation of this interesting finding, since we lacked information on the precise periods of residence in high-altitude regions by the mothers and had no paternal data. The capital city elevation data extrapolated for the regions, however, were probably sufficient, since the majority of mothers reported coming from urban areas in these departments. Collective evidence for genetic adaptation to living at high altitudes or chronic hypoxia over several generations is available [42] . The hypoxia-inducible factor 1 (HIF-1) pathway, which regulates several hypoxia-responsive genes, has been implicated as one of the mechanisms driving these genetic adaptations [43] . We observed that the effect of high-altitude ancestry on infant linear growth was independent of maternal height in longitudinal modeling, a result suggesting separate genetic or geneenvironment mechanisms. Increases in chest circumference may be due to improvements in lung volume or, more proximally, pulmonary function. Chest morphology (greater chest depth) and forced vital capacity and expiratory volume were improved in adulthood with ancestral and early developmental exposure to high altitude [44] . The relevance of these findings may be better understood with further investigation of even longer-term health implications for infants with some degree of high-altitude ancestry living in coastal (lowaltitude) Peru.
In summary, this study demonstrated growth patterns similar to those reported internationally in the World Health Organization (WHO) Growth Standards* with relatively low rates of stunting, undernutrition, and wasting in this urban-based, low-income population. It highlights again the importance of breastmilk in the diet as well as familial, potentially genetic factors related to maternal anthropometric features and highaltitude ancestry.
